This paper examines the impact of deflation on fiscal aggregates. With deflation relatively rare in modern history, it relies mostly on the historical records, using a dataset panel covering 150 years and 21 advanced economies. Empirical evidence shows that deflation affects public finances mostly through increases in public debt ratios, reflecting a worsening in interest rate-growth differentials. On average, a mild rate of deflation increases public debt ratios by almost 2 percent of GDP a year, this impact being larger during recessionary deflations. Using a simulation model that accounts for composition effects and price expectations, we also find that, for European countries, a 2 percentage point deflationary shock in both 2015 and 2016 would lead to a deterioration in the primary balance of as much as 1 percent of GDP by 2019. JEL Classification Numbers: E31, E62, G10, J39, N10.
I. INTRODUCTION
With falling oil and commodity prices, inflation has been declining in advanced economies and is running significantly below targets, raising concerns over the risk of deflation. Fear of deflation is generally premised on the belief that it is associated with recession (Stern, 2003) , reflecting developments during the 1930s, when the combination of deflation and economic contraction triggered debt deflation.
2 This experience has helped shape the belief that deflation is deeply perilous and should be avoided: falling prices would harm economies through rigid interest rates and price-setting mechanisms and a spiral of expectations and deflation (DeLong, 1999; Bernanke, 2002; Furhrer and Tootell, 2003; Svensson, 2003; and Beckworth, 2008) .
Understanding the consequences of deflation on fiscal aggregates is a key question for policymakers. The focus of this paper is to assess how deflation may buffet already-strained public finances and further complicate fiscal policy. Specifically, what are the effects of declining prices on fiscal aggregates? Deflation is clearly associated with mechanical increases in debt-to-GDP ratios: debt mostly consists of preexisting stocks, and its term structure, together with downward rigidities in sovereign interest rates, tends to further compound this increase. At the same time, a number of nominal flow variables-such as revenue and nominal GDP but also, to a smaller extent, expenditure-tend to decrease mechanically. This study investigates the impact of falling prices on public finances using historical records. In particular, it explores whether the impact of deflation on fiscal aggregates is asymmetrical from that of inflation. It uses an original panel dataset covering a long timeframe (over 150 years) and data for inflation, growth, and fiscal aggregatesincluding debt-to-GDP ratios for 21 advanced economies. 3 What does available evidence tell us? In the literature, much of the attention has focused on either the effect of fiscal stances on price dynamic (Catao and Terrones 2005) or the fiscal consequences of very high inflation (Oliveira, 1967 and Tanzi, 1977 , Aghevli and Kahn, 1978 and Heller, 1980 . 4 Existing research on the effects of deflation on fiscal aggregates is scant, compared to the abundant literature on the corresponding effects of high inflation. In addition, the existing literature on deflation has focused mostly on the role of fiscal policy to inflate aggregate demand with a view to exiting from deflation (Auerbach and Obstfeld, 2004; Cochrane, 2011) . Another strand of the literature investigates the link between deflation and recession. 5 Studies based on records of deflation over the past two centuries argue that, with the exception of the Great Depression, deflation was not systematically associated with persistent and deep economic recession but was often driven by increases in aggregate supply. Filardo (2004, 2005) proposes three broad categories of deflation: good deflations, which arise from positive supply shocks; bad deflations, which are associated with recessions and include the experience of Japan in the 1990s; and ugly deflations, which represent periods of steep declines in prices associated with severe recessions, such as the early 1930s Great Depression. Both bad and ugly deflations stem from a collapse in aggregate demand. 6 Our findings center around three key messages. First, while deflation negatively affects debtto-GDP ratios, it also impacts nominal budgetary variables, that is, government revenue and expenditure. Piloting fiscal policy in the midst of deflation might be challenging, similar to the context created by negative output growth. This points to asymmetric economic behaviors and responses, which was noted in Fisher (1928) 's money illusion theory. 7 Yet, deflation signals more a strain to achieving fiscal targets than a terrible accident, and what ultimately matters is the authorities' capacity to steer expenditure skillfully in the context of declining revenues. Second, we find that linkages have evolved over time. Public finance management has changed from a fiscal policy that was relatively marginal, nominally-driven and cash constrained, to modern governments operating on large aggregates and with indexation mechanisms; deflation episodes have been relatively rare in the recent period, with the notable exception of Japan in the 1990s. 8 Finally, we find that not all deflations are alike and, in particular, the impact is very different between deflations associated with positive growth and deflations accompanied with recessions.
Our findings agree with the recent literature on the macroeconomic consequences of deflation, which highlights that deflations are not necessarily detrimental to public finances. Our findings are also supported by the deflationnary experience of Japan. Overall, deflation 5 See Atkeson and Kehoe 2004; Borio and Filardo 2004; Bordo and Filardo 2005; Guerrero and Parker 2006; and Benhabib and Spiegel 2009. 6 As a matter of fact, the deflationary experiences that shape the modern economic psyche, i.e. the Great Depression in the 1930s and Japan in the 1990s, are not truly representative of all deflation outcomes. Instead, most deflationary episodes were aggregate supply-driven (Stern, 2003; Bordo, Lane, and Redish, 2004; Farrell, 2004; Bordo and Filardo, 2005) . 7 Kahneman and Tersky (1979) 's prospect theory also describes fundamentally asymmetric economic behaviors. 8 There have been a few other deflationary episodes among industrial countries in the post-World War II period. Canada, Norway, and Sweden had small and short-lived declines in consumer prices in the late 1980s.
in Japan was associated with deteriorating fiscal aggregates, mostly the debt-to-GDP ratio. Public debt doubled, due primarily to a snowball effect (i.e., an unfavorable differential between interest rate and growth); the denominator effect of deflation explains roughly one fifth of the debt increase. The impact of deflation on the primary deficit was blurred by the combination of demographic changes and policy responses (Appendix A). Expenditure-to-GDP ratios increased largely because of rising age-related spending and explicit downward rigidities. 9 The impact on the tax-to-GDP ratio is more difficult to identify, as new tax measures were introduced simultaneously with a shift in the tax base. In addition, as deflation was protracted and anticipated, its effect could be partially offset in the annual budgets.
Yet, some caveats refrain from translating these results directly to the current situation in advanced economies. First, historical data relate only to ex-post outturns and incorporate discretionary measures adopted in the face of deflation, including new tax measures aimed at boosting revenue. As a result, underlying trends are difficult to identify. Second, to a large extent, these data do not account for structural changes introduced in policymaking in recent decades, given that deflation has been relatively rare during that period. A prospective simulation exercise, built to include expectations and modern features of today's governments under a no-policy change assumption, confirms nevertheless that piloting fiscal policy in the midst of deflation might be a complicated task. In particular, consideration should be given to composition effects within the fiscal balance and the role of expectations.
In addition, the present paper strictly follows a positive approach and does not analyze the optimal response of fiscal policy makers to deflation.
10 It is organized as follows. The next section discusses how deflation could theoretically affect fiscal aggregates. It gives the general intuition that deflation should matter for fiscal policymakers. Section III describes our empirical methodology and the historical dataset that we built in order to encompass a sufficient number of deflation episodes. Section IV reports the results of the analysis, which Section V attempts to put in a narrative, historical perspective. Section V closes by presenting a deficit-debt simulation exercise for the Euro Area that would capture modern features of public finances. Section VI draws some tentative policy implications from our main results.
II. THEORETICAL BACKGROUND
Public finances are vulnerable to deflation on several accounts. The effect of deflation on debt ratios was described as early as in the 1930s by Fisher (1933) . In addition, deflation can affect primary balances through its impact on revenue and expenditure.
A. Primary Balance
During deflation periods, the primary balance is affected according to the magnitude and speed of the respective paces of adjustment of revenue and expenditure.
Revenue
The net impact of deflation on public revenue is affected by a variety of factors. An immediate impact is the loss of seigniorage revenue, which represents the real revenues governments acquire by using newly issued money to buy goods and non-money assets. Under a fiat money system and without any monetary policy action, seigniorage revenue is equivalent to an inflation tax, given by the product of the inflation rate and real money balances. In principle, deflation reduces seigniorage for a given level of real money balances-thus generating a "deflation subsidy". However, if deflation leads to an increase in holdings of real money balances, the effective tax base will augment, leading to a possible increase in seigniorage revenue. Recent evidence suggests that potential gains of seigniorage are limited in today's advanced economies, as base money is small relatively to GDP.
11
Under a fully proportional tax system, deflation would have no impact on the revenue-to-GDP ratio: every component of GDP would be similarly taxed, and both nominal revenue and GDP would react in similar proportions, leaving the ratio unchanged.
12 However, in real life, as tax systems always include distortionary features, there are reasons to think that revenue ratios will be affected by deflation.
Some factors tend to decrease revenue-to-GDP ratios during deflation times. First, the progressivity of the tax system matters. In a progressive system, when tax brackets are not perfectly indexed to inflation, deflation will tend to curb revenue ratios by moving some taxpayers to lower tax brackets, leading to lower revenue collections; and vice versa, in a regressive system (Hirao and Aguirre, 1970) . Second, revenue-to-GDP ratios will tend to suffer from deflation if tax exemptions are widespread. Such exemptions are often set in nominal terms, and their ensuing costs increase when prices fall.
Some other factors tend to push revenue ratios up during deflation times. First, some revenue components, such as excises and non-tax revenues, are by nature more price-inelastic than income taxes. Their inertia in the face of deflation thus tends to boost revenue as a percent of GDP.
13 Second, deflation can have effects on tax bases through behavioral effects. During deflation, consumption tends to shift toward higher-scale goods, in part because prices adjust more quickly than incomes. Since these goods tend to be more heavily taxed, this will help improve revenue.
14 Similarly, if consumption prices drop more rapidly than the GDP deflator, then the revenue ratio will tend to rise. 15 Finally, central bank actions against protracted deflationary pressures, in the form of quantitative easing policies, can generate seigniorage revenue.
The above effects could be mitigated if tax brackets are indexed. Under a full indexation mechanism, during deflation tax provisions are automatically revised downwards-including minimum income tax thresholds and tax brackets-to maintain the tax pressure constant.
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The net effect of these indexation mechanisms will be similar to that described under a nondistortionary system, with revenue-to-GDP ratios immune from deflations.
Expenditure
In general, public expenditure tends to be more sensitive to deflation than revenue collections because of nominal rigidities in the design of some of its components. It may be politically difficult to reduce wages and social transfers when prices are falling. As a result, during deflation periods, freezing nominal spending may be the only feasible option, leading to increases in expenditure-to-GDP ratios. This is particularly true for social transfers to households (pensions and other benefits) and wages. 17 13 For instance, transfers or received interest payments are often pre-established.
14 The case was made, for instance, that tax collections in the early 1930s remained relatively strong in a number of European countries, as consumption was resilient while investment fell sharply. See for example the case of France described in Sauvy (1965) . 15 Lags in tax collections might also play a role for double-digit deflation rates under cash-basis accounting (Oliveira, 1967; and Tanzi, 1977) . 16 Political factors may prevent the application of downward indexation during deflation periods. It is politically difficult to increase nominal taxes given the traditional monetary illusion that prevails in such circumstances (Fuhrer and Tootell 2003) . Even with indexation, any expectation error tends to be positively correlated with tax revenues.
Contractual arrangements, such as multiyear agreements and lagged price indexation provisions, may also delay the transmission of deflation to capital spending (Aghevli and Khan, 1978; Heller, 1980) . 18 This feature can also apply to some recurrent expenses, if they are specified in multi-annual contracts (maintenance, IT outsourcing, etc.). In those cases, price adjustments will be limited to new and renewed contracts, and will take some time to be fully reflected in fiscal aggregates.
Finally, the design of budgets or fiscal rules could delay the response to an unexpected shock of deflation. Because budgets are usually prepared and executed in nominal terms, it may be difficult to adjust spending lines to unexpected deviations from the budget forecasts within a given fiscal year.
B. Debt
Deflation has a negative impact on debt ratios if not fully anticipated in the level of nominal interest rates. This effect operates through the initial debt stock and the combined effect of the real interest rate and the primary balance. First, for any given debt stock and real growth rates, deflation mechanically increases the debt-to-GDP ratio: It lowers nominal GDP, pushing the ratio up. Second, as discussed in the previous section, the primary balance may deteriorate unexpectedly in a deflationary environment, leading to a further increase in the debt burden. Third, for any given nominal interest and real growth rates, deflation raises the real value of the interest bill. If interest rates are sticky or deflation is not anticipated, nominal rates will not immediately adjust to absorb the shock. 19 In general, interest payments are largely based on contractual interest rates, which are mostly fixed and do not adjust to domestic prices in the short run. The impact of this channel depends on the maturity structure and the currency denomination of the sovereign debt, as well as the share of price-indexed bonds in the total debt (Akitoby and others, 2014) .
These mechanisms can be summarized within the debt dynamic equation, which links yearon-year changes in the debt-to-GDP ratio to the existing debt stock through the impact of nominal interest rates, inflation, and output growth to the primary balance, and any stockflow adjustments.
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(1) 18 Price indexation mechanisms are generally provisioned under long-term contracts only, such as PPPs or leasing arrangements. 19 According to Fisher's law, interest rates would remain constant in real terms under perfect expectation. 20 By convention and because of data limitations, we define real interest rate as the difference between the nominal interest rate and the actual inflation rate. Equation (1) summarizes the direct channel through which inflation affects the debt-to-GDP ratio: is the stock of government debt as a percent of GDP in year t; represents the primary balance as a percent of GDP; , , and denote the nominal interest rate, the real GDP growth rate, and the inflation rate in year ; and designates stock-flow adjustments (as a percent of GDP); is the first-difference operator. In equation (1), the term can have a significant impact on debt dynamics. If it is greater than zero, it means that the debt stock increases over time, even in a situation of primary surplus.
III. EMPIRICAL STRATEGY

A. Methodology
To investigate how deflation affects public finances, we assess first the effects on the changes in debt, primary balance, revenue, and expenditure, expressed as ratios to GDP. As argued above, these variables depend upon inflation and growth rates, two key inputs of budget formulation and execution. Accounting for potential persistence effects, we use the following autoregressive model:
(2) stands for either debt, the primary deficit, primary expenditure, or revenues, in percent of GDP. The use of first-differences accounts for possible non-stationarity of the debt series.
21
The change in each fiscal ratio is assumed a function of lags and current and past values of inflation and output growth; captures classic error terms and shocks unrelated to inflation and growth; and is the main parameter of interest to be estimated, as it captures the different channels through which inflation impacts the fiscal variables. For instance, with respect to equation (2), current-year higher inflation and growth are expected to reduce the debt stock (i.e., , ). The are dummy variables that capture historical breaks in the estimated parameters. As we are using a long timeframe (1851-2013), we include all estimates dummy variables to account for strucural breaks corresponding to the pre-Great Depression ; the Great Depression ; and the post-WWII periods. 22 In some specifications for debt, we also control for the primary balance and the effective interest rate. 21 With respect to the methodology used, it is well-known that persistent macroeconomic series such as inflation and fiscal variables contain at least one unit root (especially over longer timeframes) that prevent the application of classic econometric inference. Using the traditional statistical tests (Appendix B), we verify that inflation and growth are stationary, while fiscal aggregates exhibit at least a unit root, supporting the use of first-differences in the regressions.
In this paper, we examine whether the regime of inflation-high, low, or negative inflationmatters for fiscal ratios. Hence, we explore whether the impact of deflation is different from that of inflation. 23 To that end, we break down the inflation term into positive and negative inflations and estimate the following equation:
In order to test asymmetry in the effect of deflation, we also scrutinize the effect of a set of dummy variables capturing different regimes of inflation and growth.
Admittedly, estimating equations (2)- (4) poses several challenges. The first, main challenge is the potential reverse causality between fiscal policy and inflation, as fiscal deficits play a role in the formation of the price level. Instrumental variable methods are the typical, technical solution for correcting such a bias. However, good instruments-i.e., variables excluded from the main regressions that would be highly correlated with inflation but uncorrelated with the error terms-are difficult to find, especially over a timeframe as long as the one we use in this paper. 24 We explored unsuccessfully a few instrumental variables, including lagged inflation and an index of imported inflation. 25 An alternative approach is the generalized method of moments (GMM), which takes advantage of the lagged structure of the data. However, this technique is not well-suited for our focus on historical data, as it produces biased estimates when the time dimension is larger than the cross-sectional one. For this reason, the GMM approach was ruled out. Yet, we mitigate the simultaneity bias by including possible lagged effects of inflation in equations (2)-(4).
Another key challenge includes the possibility that some omitted variable is correlated with fiscal performance and inflation. Possible candidates are war, colonization, and political instability periods. To mitigate this problem, we control for idiosyncratic and common factors by allowing for both country and year fixed effects. We also have dummy variables to account for strucural breaks corresponding to the pre-Great Depression , the Great Depression , and the post-WWII periods. An additional challenge is a potential multi-colinearity between inflation and other control variables. So far, we have kept the description of the framework simple and have abstracted from second order effects, such as the cross-linkages between inflation, interest rates and growth. In reality, the phenomena behind equations (2)- (4) are complex and their parameters are intertwined (Barro, 1995) . For instance, a fiscal adjustment leading to a larger primary balance could affect growth and the nominal interest rate (Clinton and others, 2011) .
We test the optimal lag length. For each country, we use the well-known Akaike, Hannan-Quinn, and Schwarz information criteria. In Appendix C, we find that the optimal lag length is between 1 and 3. To account for the entire autocorrelation structure, all estimates are conducted with 3 lags whenever possible. Finally, to produce robust results, autocorrelation and heteroskecasiticty are corrected following the usual practice.
B. Dataset
Episodes of deflation were much more commonplace in the 19th and early 20th centuries than in modern times (since the end of World War II). In moderne times, deflation has been rare (5 percent of observations). Therefore, we rely mostly on the historical records.
The first, main variable is inflation. We use the CPI-based inflation taken form Bordo and Filardo (2005) through 1997, complemented by data from the IMF's World Economic Outlook (WEO). When observations are missing in Bordo and Filardo's dataset, we use Warren Weber's dataset, which contains information on prices and output from 1810-1995. economies dating from as early as 1851. 27 We define deflation as negative inflation, low inflation as an inflation rate between 0 and 2 percent, and recession as a negative annual growth rate in real GDP.
Descriptive statistics show that inflation is more dispersed than growth: the average inflation rate is 4 percent, with a standard deviation of 8.1 percent; and the average growth rate is 3 percent, with a standard deviation of 4.1 percent ( Table 1 ). The average of the public debt-to-GDP ratios is 53 percent and the primary balance is estimated to show a surplus of 0.5 percent of GDP on average, with both revenue and primary expenditure estimated at around 23 percent of GDP. About one fifth of the total historical sample corresponds to deflation, but this ratio shrinks significantly over the most recent period. Public debt-to-GDP ratios seem the most vulnerable to deflation. They grow on average by 1.7 percentage points of GDP a year during deflation periods, thrice faster than the sample average ( Figure 1 ). The deterioration is worse when deflation is combined with negative growth (depression). On average, the primary balance tends to worsen, but at a moderate pace during deflation (mostly when combined with recession) on the back of stalling revenue-to-GDP and increasing expenditure-to-GDP ratios.
IV. EVIDENCE FROM THE HISTORICAL RECORDS
In this section, we discuss key findings from the historical database. To that effect, we present the main findings; test for asymmetries between positive and negative inflations; and assess possible differences across growth regimes.
A. Effects of Deflation on Fiscal Ratios
Overall, evidence from the historical records suggests that deflation increases the debt-to-GDP ratio primarily through a worsening of the interest rate-growth differentials. Primary balances are found to remain broadly unaffected.
Debt
We examine first the impact of inflation on debt accumulation. To that effect, we estimate equation (2) and report the results in Table 2 , column (1). We focus mostly on the contemporaneous effect of inflation on the debt-to-GDP ratio. 28 The empirical examination identifies a strong and immediate impact of price dynamics on debt-to-GDP ratios. The coefficients are significant at the 5 percent level and are in line with expectations in the debt accumulation equation. All other things equal, higher inflation helps curb the debt-to-GDP ratios. A 1 percentage point increase in the rate of inflation reduces the debt-to-GDP ratio by 0.15 percentage point. There is a delayed positive effect of inflation on the debt ratios after two years. The change in debt-to-GDP ratio is persistent. The dependence coefficient is positive, below unity in absolute terms.
Other controls variables have the expected signs. Higher economic growth also reduces the debt build-up, and at a faster pace (a 1 percentage point increase leads to a decline of 0.40 percentage point in the debt-to-GDP ratio). The impact in the following year is positive, estimated at 0.14 percentage point. A higher nominal interest rate is also associated with a faster debt build-up: a 100 basis points increase in the nominal rate raises the debt-to-GDP ratio by 0.65 percentage point. The delayed impact is negative, though with a lower magnitude. 
Figure 1. Change in Fiscal Aggregates and Inflation Regimes
Primary Expenditure
Source: Authors
To assess the particular effect of deflation, we split inflation into deflation and positive inflation. We estimate equation (3). In Table 2 , column (2), the estimated coefficients are statistically significant. When inflation is positive, a 1 percentage point increase in its rate translates into a reduction of the debt ratio of 0.15 percent of GDP in a year. When inflation is negative, it leads to an increase of a similar magnitude in the public debt ratio (0.19 percentage point).
Given that our dataset spans a long timeframe, we verified the stability of our results on deflation over three separate periods: before the Great Depression ; during the Depression (1929-34); and after World War II. Results are presented in Table 2 , columns (4-6). They suggest that deflation was associated with a worsening in debt-to-GDP ratios mostly during the periods prior to World War II, when deflation episodes were more The relevant literature underscores that not all deflations are alike. The origin and impact of deflation are different in recessions and expansions. Atkeson and Kehoe (2004) documented that, although the 1929 deflation was correlated with the Great Depression, the empirical link is not robust from historical perspective. Accordingly, Atkeson and Kehoe (2004) and Borio and Filardo (2004) argued that the effects of deflation depend on the growth regime. In a similar vein, Bordo, Lane, and Redish (2004) use a panel VAR to investigate the United States, the United Kingdom, and Germany during the late 19th century, and find that, overall, deflation over that period was "primarily good" for the real economy. Bordo, Lane, and Redish (2004) also conclude that deflation has received a "bad rap" and stress the importance of distinguishing between good and bad deflations.
In order to test for asymmetry in the effect of deflation on the debt-to-GDP ratio, we estimate equation (4). We consider deflation, recessionary deflation (deflation combined with negative growth), and expansionary deflation (deflation combined with positive growth). The results confirm that a state of deflation permanently increases the debt ratios (Table 3 ). The debt-to-GDP ratio increases by almost 1.7 percent a year, and this impact varies across growth regimes. As previously assessed, deflation has adverse effects on debt when combined with recession ("bad" or "ugly" deflations). During such episodes, the debt-to-GDP ratio is assessed to increase by 3.2 percent a year. Conversely, expansionary deflations have no impact.
Primary Balance
As developed in the theoretical section, deflation can affect the debt-to-GDP ratios through the primary balance. We investigate whether the impact of deflation on debt documented above operates only through the interest rate-growth differential channel, or if it also operates through an impact on the primary balance. We first estimate equation (2). Results are reported in Table 4 , columns (1)-(3). Overall, higher inflation reduces both the revenue and expenditure ratios by similar magnitudes (0.04 percentage point of GDP), leaving the primary balance broadly unchanged. 30 The estimated coefficient is positive but not 29 Differentiating between the fiscal impact of temporary and permanent deflation shocks is difficult empirically, because of the lack of protracted deflation episodes apart from the Great Depression. Implicitly, by focusing on the Great Depression, we assess whether permanent deflation shocks matter for the results. We find that the fiscal impact of deflation is higher when the shock is permanent. We also identified persistent deflation in our sample (by detecting turning points in five-year moving averages, following the established literature), reaching similar results. 30 It is worth noting the convergence in the change in revenue-to-GDP ratio. The dependence coefficient is negative, below unity in absolute terms, and significant at 5 percent. 31 We then break down the inflation term into positive and negative inflations, to assess the specific effect of deflation on the primary balance. Results are reported in Table 4 , columns (4)-(6). We find that deflation has no significant impact on the primary balance and its components as ratios of GDP. The effect of overall inflation previously identified is attributed to positive inflation-revenue and primary expenditure ratios contract with positive inflation but appear insensitive to deflation. We further check the effect of deflation by substituting a dummy variable to the inflation term (equation (4)) and confirm that deflation has no effect on the primary balance.
As a robustness check, we explore whether low inflation measured as inflation between 0 and 2 percent has an impact on fiscal aggregates different from that of deflation. The 2 percent threshold is set arbitrarily, as in recent decades several advanced economies experienced moderate inflation often below that threshold. From the historical records, we break inflation down into deflation, low inflation (between 0 and 2 percent), and inflation above 2 percent. Results are reported in Table 5 . We find that low inflation has no specific effect on debt. Conversely and as documented above, deflation increases the debt-to-GDP ratio while inflation above 2 percent curbs it. We also conduct the same estimates for the primary balance and its components as ratios of GDP and find low inflation (between 0 and 2 percent) has no significant effect on the primary balance.
B. Beyond Ratios: Nominal Changes in Fiscal Aggregates
So far, we focused on fiscal ratios. The analysis of fiscal aggregates expressed in percent of GDP suggests that the denominator effect is preponderant on the results, and some of the impact of deflation on the numerator (the nominal fiscal variable) may thus be muted. In an attempt to quantify the impact of deflation on nominal variables, we need to find a way to circumvent the limitation of the data that, for historical records, we only have ratios, not the nominal values. We thus need to mute the denominator effect and, to that effect, we build "pseudo-nominal" changes in the fiscal variable by using the following formula:
The change adjusted from the denominator effect, , proxies the nominal increase, as measured in terms of previous year GDP. We use the specifications in equations (2)-(4) to scrutinize the effects of deflation on these "pseudo-nominal" variables, focusing on primary expenditure and revenue. We obtain the following three additional results, which are robust when we consider a broader definition of deflation (i.e., any inflation rate below 1 percent). This finding is not a surprise, given the upward bias in modern chained price indices, which is exacerbated by the use of more rudimentary indices at times.
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First, both nominal expenditure and nominal revenue are positively correlated with inflation. We find that revenue and expenditure are historically more responsive to inflation than to deflation (Tables 6-7, columns (3)). This means that, whereas positive inflation boosts nominal revenue and expenditure, deflation does not deflate them as much. This result is a sign of downward rigidities in expenditures and, probably also, in tax provisions. In addition, the denominator effect would exacerbate these asymmetries: in deflation situations, revenue and expenditure ratios tend to increase more than they decrease in positive inflation situations.
Second, the negative effect of deflation on nominal revenue seems larger than the one on nominal expenditure, and this discrepancy gains significance over time. 34 The right-hand sides of Tables 6-7 slice our sample according to historical periods. The sensitivity of nominal expenditure and revenue to deflation has been historically increasing. Nonetheless, the coefficients we find for expenditure are consistently lower than those for revenue. Consequently, governments should experience downward pressures on their fiscal deficits during deflation, but unfortunately we do not detect significant effects on primary balances.
Third, when we use regime dummies, as in equation (4), the results broadly hold: deflation is associated with lower nominal revenues and lower nominal expenditure (Table 8) . When deflation is combined with positive growth, the primary balance deteriorates on the back of declining revenue and rising expenditure (though the estimated coefficient on public expenditure loses its significance). In recessionary deflation (deflation combined with negative growth), expenditure cuts exceed revenue shortfalls. While the latter result may largely reflect Great Depression episodes, the former is of critical importance for today's European economies. Interestingly, only the negative response of revenue persists once we restrict the sample to the 1946-2013 period. This may reflect modern governments' increasing reluctance to downsize spending when faced with revenue shortfalls. 
V. LESSONS FOR MODERN POLICYMAKERS
A. Limits of the Historical Approach
Our findings suggest that the impact of deflation on fiscal aggregates is difficult to disentangle from other parameters. Consistently with the theoretical background, the historical records indicate that primary balances (and their subcomponents) as ratios of GDP are not affected by deflation while the analysis of "pseudo-nominal" aggregates shows that revenue and expenditure are affected by deflation. These findings indicate that other parameters tend to shroud the impact of deflation alone. Indeed, the historical data that we examined reflects the conjunction of various policies, trends, and idiosyncrasies, and it is difficult to isolate fiscal economic responses to deflation from other parameters. Considering that the impact of deflation or low inflation on nominal aggregates is small, it is not surprising that correlation is lost when looking at broad ratios, such as the ratio of primary balance to GDP. This, however, does not indicate that deflation has a neutral effect on fiscal aggregates, only that its impact is silenced by other factors in the historical records.
In particular, wars are likely to have a significant impact on our sample data. The period 1850-1950 is marked by a series of international conflicts (from the United States civil war to both World Wars) which can explain a large part of the evolution of expenditure aggregates over the period, as illustrated in Figure 2 for World War I. Experience shows that military expenditure does not decrease immediately after the end of a conflict but, rather, that it gradually declines, implying that conflicts impact expenditure trends over a long period. Also, funding of war-related expenditure differs across countries: the United Kingdom and the United States have had a tradition of levying exceptional taxes for the purpose of funding wars; France and Germany relied also on debt, with the expectation of reimbursing it with reparations paid by the losing side after the war. 35 Such a high volatility of revenue and expenditure around conflicts can only shroud the impact of other parameters on fiscal aggregates, including deflation. Our findings should thus be transposed carefully when assessing the current situation in advanced economies, given that public finances have evolved over time. To assess the impact of deflation on fiscal accounts in modern economies, it is important to acknowledge the evolving structure, role, and funding sources of government finance over time. In advanced economies, governments are now bigger in size and scope, and face challenges which require more resources than in the past. Our empirical evidence also suggests that the sensitivity of nominal fiscal aggregates to deflation is higher in recent times than in earlier periods. Modern public finances are purposely more reactive to macroeconomic parameters such as inflation than they were in the past, due to the gradual sophistication of their legal and technical regimes. The recent introduction of second generation fiscal rules, designed to avoid the cyclicality of fiscal policy, is a good illustration of how modern public financial management frameworks try to embed macroeconomic parameters closely in the decision making. As a result, they are also more prone to be impacted by shocks deriving from deflation. Additionally, monetary policy has also evolved over time, and central banks now have more instruments to push down real interest rates-which is crucial for the differential between interest rates and growth, and debt accumulation.
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Modern tax systems are designed to be closely linked to macroeconomic aggregates and are more sensitive to inflation. This is well illustrated by the gradual reduction of customs and excise taxes-taxes based on the volume of imports, or the consumption or certain goodsover time. In a country like the United Kingdom, the share of these taxes, which accounted 36 Countries under the gold standard in the nineteenth and early twentieth centuries had a long-term average inflation/deflation rate of around zero, but faced shorter periods of inflation and deflation that reflected movements in the demand for and the supply of gold. This is a peculiarity of the gold standard that is also likely to drive the empirical results of the previous section. 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924 1925 France WWII for more than half of government revenue during the 1800s, was reduced to around 25 percent in 1965, and to 10 percent nowadays (Figure 2 ). In many other countries, taxes on goods and services have also gradually moved from excises to Value Added Taxes (VATs). The VATs, which have been gradually introduced since the 1950s, now account for about 20 percent of government revenue in OECD countries, up from 3 percent in the 1960s. By design, VAT collections are more sensitive to changes in nominal GDP than excises. Given this closer link, it is expected that deflation would have a more negative impact on tax collections today than in the past, when a larger share of revenue was from excise taxes.
Expenditure has followed a similar pattern over time. Governments have expanded the scope of their activities, and are more service-oriented than they were in the past. Social transfers have ramped up since the end of World War I, when they were first introduced. 37 In the United States, spending on public services (education, health, and social protection, including transfers) is nowadays twice as large as spending on the core functions of government (general services, security, and defense) while they were still of broadly similar magnitudes in the early 1970s. At the same time, today's governments in advanced economies are more committed than in the past to maintaining a certain level of direct services to the public, such as schools or hospitals. As a result, governments are more likely to be unwilling to cut spending, particularly social transfers, in times of deflation. The asymmetric effect on expenditure described in the theoretical background (a nominal increase in times of inflation, and a difficulty to cut spending nominally in times of deflation) can thus be expected to materialize more frequently in modern times than in the historical sample that we use.
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B. A Simulation Exercise
To account for expectations and modern features of today's governments, we build a simplified deficit-debt simulation, which we apply to the Euro Area. Compared to the empirical exercise, one interesting feature of this simulation model is that it reflects compositional effects of the fiscal balance. In addition, it incorporates indexation mechanisms, fiscal rules, and modern policy-making practices, under an "unchanged policy" assumption. Overall, we explore two distinct features of fiscal responses to deflation: (i) the asymmetric reactions of impact on revenue and expenditure to deflation and (ii) the potential cost of unanticipated shocks. The primary balance is decomposed into its various components and assumptions on their responses to price change are formulated. Most 37 For instance, the Social Security Act in the United States was introduced in 1935. 38 In particular explicit indexation mechanisms may prove difficult to activate in times of deflation, as reluctance to reduce entitlements (such as pensions in nominal terms) will be high for governments. Also, some indexation mechanisms are designed in such a way that indexation is provisionally granted based on the inflation forecast, with a correction in the following year. Those mechanisms are not well suited during periods of low inflation. Indeed, if the forecasting error is accidentally higher than the following year's forecast, this could require an unexpected negative indexation, which would be even more difficult to implement. assumptions are based on existing legal and fiscal frameworks, as well as recent experience in advanced economies. This model could easily be calibrated to reflect the specific design of revenue and expenditure as well as the political economy of individual countries. 39 We assume that impulse responses of fiscal variables in nominal terms to inflation shocks take following form: (6) denotes the inflation shock and symbolizes the deviation from baseline (which is different from the year-on-year time difference ).We allow for a lagged response and account for some inflation indexing, which is a feature of modern fiscal accounts (e.g., public wages or tax brackets), by using two different assumptions: (i) either the shock comes as a complete surprise (or during the fiscal year); or (ii) it had been anticipated by the government. Several expenditure items, such as social spending or wages, and tax provisions are indeed often based on ex ante inflation forecasts, while the benchmark against which the fiscal stance is tested ex post is realized inflation. In the equation, and represent the pass-through of current and past inflation shocks, respectively. The shocks considered here are exogenous and are not the consequence of deliberate monetary policy action; therefore, given the usual lag in monetary policy response, the quantity of base money and seigniorage remains initially unchanged in nominal terms. Parameters are described in the following sections and presented in Table 9 .
With respect to primary expenditure, we form the hypothesis that it is more likely to be elastic when prices rise than when they fall, due to downward rigidities, which are as follows. For wages, we assume that, when the shock is negative, they remain unchanged whereas, when it is positive, they react immediately or with a lag, depending on whether the shock had been anticipated or not. 40 We also assume that inflation does not have any impact on the other components of public wages (bonuses and career-path effects). Public intermediate consumption is at market prices, so that an inflation shock is immediately reflected in spending. Social expenditures are supposed to be responsive to inflation through two channels: (i) in-kind benefits are assumed to be immediately impacted by price shocks; and (ii) cash benefits and allowances, which are generally indexed to expected inflation, are assumed to follow a path similar to the wage bill. 41 With respect to investment expenditure and capital transfers, we form the assumption that between a quarter and half of them follows 39 For most European countries, results would probably be similar for the deficit but would be more scattered for the debt ratio, given that the effect on debt depends heavily on the initial level. 40 Most countries have implicit or explicit catch-up mechanisms, if the initial forecast failed. 41 In-kind benefits represent roughly one third of social expenditure in the Euro Area. market prices, depending on the degree of surprise, in order to account for multiyear planning. Other primary expenditures include credits at the disposal of line ministries and are difficult to amend when facing an in-year surprise.
On the revenue side, we assume that nominal revenues respond less to inflation than GDP (whose response is immediate), mainly because of lags in income tax collections and rigidities in some other components. Income tax revenues-both corporate and personal income tax-are assumed to automatically adjust to inflation through changes in the base, in part with a one-year lag. 42 Tax brackets imply a larger than one-to-one relation, provided that tax brackets are not indexed. 43 We also suppose that social contributions respond with an average elasticity of one to inflation, with only a part of them (assumedly 10 percent) being levied on the public wage bill. Taxes on goods and services are assumed to vary in the same proportion as the value-added (nominal GDP). 44 Price shocks are immediately passed on to 42 Some countries have indeed withholding taxes in place, while in others the CIT is subject to several in-year payment installments. We use the simplifying assumption that half of income taxes are lagged. 43 During deflation times, in order to keep the same tax pressure in real terms, governments should revise tax provisions downwards-including tax brackets and the ceilings or floors that determine access to tax exemptions. In practice, however, they may be reluctant to do so for political economy reasons, as it would mean an increase in the nominal tax burden and could set off public discontent, given the traditional monetary illusion that prevails in such circumstances (Fuhrer and Tootell, 2004) . Even with indexation, any expectation error is positively correlated with tax revenues. We suppose here that brackets are revised only for upward, anticipated shocks. 44 We assume implicitly that all the components of the GDP are uniformly affected by the price shock (excluding, e.g., major distortion in the terms of trade).
the VAT and other consumption tax bases. Other revenues-such as excises, taxes on immovable property, and capital and non-tax revenues-are assumed to be broadly immune to price shocks.
For the sake of illustration, the model uses the April 2015 World Economic Outlook forecasts as baseline, to build several alternative scenarios. We simulate a 2 percent shock in inflation in 2015 and 2016 relative to baseline. 45 As we want to explore the possible asymmetric impact of deflation, we simulate both upward and downward shocks: while in the baseline scenario inflation averages 0.5 percent a year over the 2015-16 period, it rises to 2.5 percent in one scenario and falls to -1.5 percent in the other one. Moreover, to account for the role of anticipations in the budgets, we differentiate pure surprises from unexpected shocks from shocks that governments can anticipate.
The simulation results on primary expenditure and revenue are as follows. A persistent 2 percentage point downward surprise in inflation would yield an increase in the primary expenditure-to-GDP ratio of 1.4 percentage points by 2019. If, alternatively, the shock were to be on the upside, the primary expenditure ratio would be 0.3 percentage point lower by 2019, because ex post indexation mechanisms would kick in (Figure 3) . 46 Yet, if the shock is expected, the effect would be smaller (1.2 percent of GDP), because of governments' reluctance to adjust downward (in case the inflation shock were to be on the upside, its impact would almost cancel out by 2019). Also, simulations show that by 2019 the response of revenue ratios to the permanent 2 percentage point inflation shock reaches 0.4 percent of GDP in case of a downward shock and around -0.4 percent in case of an upward shock (Figure 3 ). 47 Overall, using this simplified model of fiscal account dynamics, we find that a disinflationary surprise yields a permanent increase in primary expenditure ratios, and a positive and partially temporary effect on the revenue ratios. Had the shock been anticipated, the effect on fiscal aggregates would be smaller. By comparison, inflationary surprises have, at most, a temporary effect on expenditures. As a result, a 2 percentage point decline in inflation in 2015-16 means as much as a 0.9 percentage point deterioration in the primary balance in 2019-and 0.8 if it is perfectly anticipated (Figure 3) . The effect on debt is larger of two main reasons. First, there is a stock effect, and the higher the initial debt levels, the more sensitive the debt ratio is going to be to price variations. Secondly, the effects of repeated shocks tend to build up through the debt accumulation process. The impact on the interest bill is both small and persistent and has the opposite sign of the effect on the primary balance. Overall, over a five year period, the debt ratios would permanently increase by 6-7 percentage points of GDP relative to baseline in case of the above-described disinflationary shock-and they would temporarily decrease by 0-3 percentage points of GDP in case of a positive shock on inflation, depending on the degree of anticipation.
VI. CONCLUSIONS
In a deflationary or low inflation environment, public finance management becomes more challenging. Similar to the impact of negative GDP growth rates, very low or negative inflation rates tend to adversely affect fiscal performance. In particular, debt-to-GDP ratios tend to mechanically increase, revenue intake is weakened, while expenditures are difficult to cut in nominal terms because of downward rigidities. This paper has examined the empirical impact of deflation on fiscal aggregates. Using a panel dataset for 21 advanced economies covering 150 years, the study provides evidence on how fiscal accounts are affected during falling-price episodes and helps draw lessons for the current economic context. We confirmed that debt stocks rise significantly with negative inflation. While the deterioration in debt ratios is due in part to stock effects and a worsening in interest rate-growth differentials, close scrutiny of nominal evolutions also signals asymmetric pressures on expenditure and revenue. The magnitude of the effect varies across growth regimes, with debt-to-GDP ratios more sensitive to negative growth than to positive growth. During 'good' deflations-that is, deflation with positive economic growth-debtto-GDP ratios tend to be relatively immune from the negative impact of deflation. 'Bad' deflations (deflations combined with recessions), such as during the 1929 Great Depression, have the strongest impact on debt. During such episodes, debt-to-GDP ratios tend to rise by rapidly. Recessionary deflations are most dangerous for fiscal sustainability, and the authorities should be primarily concerned by such episodes of deflation, in which aggregate demand collapses and growth slips into negative territory.
As our dataset contains few episodes of deflation in modern times, we form the view that our findings may not fully reflect the actual risks of deflation in modern times. Prior to World War I, governments still had limited scopes for intervention and their tax regimes were not capturing changes in nominal GDP growth effectively. This form of government, which worked on a "tax and spend" approach, appeared to be relatively immune to deflation. Modern times fiscal frameworks may paradoxically be more vulnerable to deflation: sophisticated tax regimes capture the variations of key macroeconomic parameters more directly, a large share of expenditure is directly or indirectly indexed to inflation, and negative indexation may prove impossible to implement because of political constraints. Although deflation appears to be detrimental to fiscal accounts, a more detailed assessment of its impact should be made in the context of three considerations. First, deflation is more harmful when accompanied with economic recession or stagnation. Policy responses need to first determine the source of deflation-whether it originated from shocks to aggregate supply or aggregate demand-and, then, act accordingly. Distinguishing between these two forms of deflationary pressures may, however, be more difficult in modern times, especially if both of them are combined. Second, the composition of revenue and expenditure appears to play a significant role, beyond the interest-growth differential effect. This means that a more tailored approach to country specifics, including elements of political economy, may be necessary. Third, expectations and surprises on the inflation rate itself could play a compounding role on developments.
Deflation times thus present policymakers with a challenge. The asymmetrical behavior of fiscal accounts to deflation underlined in this paper would seem to signal some elements of countercyclicality, supporting demand in times of deflation episodes. However, such a stand would need to be taken deliberately, since it leads to increasing fiscal deficit, and should not result from inaction against a mechanical impact. Yet, governments may find it difficult to act against deflation, especially at the beginning of such episodes or when deflation is low, as the political cost of reducing the nominal face value of civil service wages or entitlements program could initially appear too high to bear. Sophisticated fiscal policy tools may also need to be revisited in light of the risk of low inflation and deflation. Simple indexation mechanisms work well when prices go up by comfortable margins. Fiscal rules, which have become more prominent in advanced economies, often include binding multiyear expenditure ceilings. These rules, designed to enforce discipline in spending, are often expressed in nominal terms, which raises the issue of their downward revision when inflation is below expectation. More broadly, governments should pay attention to unexpected downward revisions of inflation during budget execution and contemplate taking action rapidly to avoid unwanted ratchet effects on government expenditure. Besides, increasing the share of inflation-indexed bonds in the government's financing mix could help alleviate the negative effects of deflation on debt ratios.
Putting these findings together, lessons on the risks of deflation can be drawn for the current state of the global economy. Slipping into deflation could contribute to undoing consolidation efforts and threaten fiscal sustainability. Even low inflation rates could be a threat, given that CPIs generally overestimate inflation. With debt ratios already elevated, a deflationary spiral could propel debt ratios into unsustainable zones. 
